Montmorillonies separated from the bentonites SAz-1 (Cheto, AZ, USA), and Cressfield (New South Wales, Australia) were used as starting materials. Reduced charge montmorillonites (RCMs) were prepared from these chemically different and Li-saturated montmorillonites via heating at temperatures in the range of 120-300°C. The residual exchangeable Li + cations were then replaced with tetramethylammonium (TMA + ) or hexadecyltrimethylammonium (HDTMA + ) cations and the ability of the modified montmorillonites to adsorb biphenyl was investigated. Lower adsorption was observed for Li-montmorillonites than for the organoclays. The extent of adsorption was dependent on both the layer charge of montmorillonite and the size of alkylammonium cations. HDTMA-forms prepared from unheated Li-montmorillonites adsorbed biphenyl better than the organoclays prepared from RCMs. In contrast, the TMA-samples prepared from the Li-montmorillonites that were not heated showed low uptake of biphenyl probably due to high content of TMA + cations. Reduction of the layer charge, resulting in lower content of TMA + cations, increased sorption efficiency of both TMAmontmorillonites. The best adsorbents of biphenyl were HDTMA-SAz-1 prepared from the unheated Li-SAz-1 and TMA-Cressfield prepared from the Li-form heated at 180°C. These samples removed about 80% of biphenyl from its aqueous solutions © Versita Warsaw and Springer-Verlag Berlin Heidelberg.
Introduction
The impressive sorption capabilities of montmorillonites, the main mineral component in bentonites, are often used to clean-up environment polluted with different products of human activities. Montmorillonites -minerals from the smectite group -are layered aluminosilicates in which the isomorphous substitution of central atoms in octahedral and/or tetrahedral sheets generates a permanent negative charge balanced by hydrated inorganic cations mostly Na + , Ca 2+ , Mg 2+ or K + , present in the interlayers and on the surfaces of the particles. High affinity of the exchangeable inorganic cations to water gives rise to the hydrophilic character of the smectite surface. Such materials are ineffective adsorbents of non-polar organic compounds that frequently pollute surface water because these compounds cannot effectively compete with the highly polar water molecules for adsorption sites on the smectite surface. Inorganic cations, however, can be replaced with various organic species such as quaternary alkylammonium cations, to modify properties of smectite and to increase its surface hydrophobicity [1] [2] [3] . The amount, configuration and mechanism of interaction of the organic cations with the smectite surface depend on the layer charge, on the type of alkylammonium cation used, on the molar ratio clay mineral/organic cation and the method of preparation [4] [5] [6] [7] [8] [9] [10] [11] [12] .
According to the length of the alkyl chain of the alkylammonium cation the modified clay minerals (organoclays) can be divided into two groups: adsorptive and organophilic. Adsorptive organoclays have alkylammonium cations with short alkyl chains, located on clay surface as discrete entities isolated by uncovered mineral surfaces that can act as potential adsorbent. Adsorption on such materials depends strongly on the available clay surface. Organophilic clays have alkylammonium cations with at least one long chain alkyl group in the interlayer space. Large alkylammonium cations form organic partition phases either on the clay surfaces or in the interlayers that are capable of adsorbing organic compounds [13] [14] [15] [16] .
Numerous studies have been devoted to the adsorption of various organic compounds on organoclays and to the factors influencing this process, e.g. [17] [18] [19] [20] . Layer charge affects most properties of smectites among which the adsorption ability is of great importance. Mostly the effect of layer charge on adsorption of organic compounds has been studied on natural montmorillonites differing in their layer charge and its distribution on the octahedral and tetrahedral sheets within the layers. For example, a comparison of adsorption efficiency between "organophilic clays" prepared from SAz-1, a high charge montmorillonite and SWy-1, a low charge smectite shows better adsorption properties for SAz-1 due to greater organic content partitioning in to the parent clay mineral [21, 22] . The effectiveness in organic compound uptake was reversed for the "adsorptive clays". Due to the higher layer charge of SAz-1, a larger part of the siloxane surface is covered with organic cations, in contrast to the lower layer charge on SWy-1 where fewer cations are needed to compensate for the layer charge. Consequently, larger surface area is accessible for the adsorption in the former. Thus, the quantity of organic compound adsorbed was directly proportional to the surface area and inversely proportional to the layer charge [23, 24] .
Natural smectites of varying charge differ also in chemical composition and other parameters; therefore to express separately the effect of the layer charge on their properties is frequently very difficult or impossible. Only a few papers have been reported so far that study the effect of the layer charge reduction on adsorption of organic compounds [30] [31] [32] [33] . The utilisation of series of montmorillonites with gradually decreasing layer charges prepared from the same parent clay mineral by varying the fixation of small exchangeable cation such as Li+ [25] [26] [27] [28] [29] can offer an explanation for effect of layer charge.
In this study, two sets of reduced-charge Limontmorillonites were prepared from different parent clays to investigate the effect of layer charge on the formation and sorption properties of alkylammoniumsaturated smectites.
Experimental Procedures

Materials
Montmorillonites separated from the bentonites SAz-1 (Cheto, AZ, USA), obtained from the Source Clays Repository of The Clay Minerals Society (denoted as "S" later in this paper) and from Cressfield deposit in the Hunter Valley of New South Wales, Australia (denoted as "C"), were used in this study.
Experimental
The clays were suspended in distilled water, the < 2 μm fraction were collected and Ca-saturated by repeated treatment with 1 M CaCl 2 . Dispersions of Ca-saturated fine fractions were placed in dialysis tubes and subjected to repeated ion exchange with 1 M LiCl solution. The excess ions were removed by washing with distilled water. The samples were dried at 60°C and ground to pass a 0.2 mm sieve (LiS, LiC). The Li + -forms were heated for 24 h in a range of temperatures from 120 to 300°C to obtain the RCMs. These samples are subsequently referred to as LiS120 -LiS300 and LiC120 -LiC300.
Organoclays were prepared from the Limontmorillonites or Li-RCMs by cation exchange reaction with hexadecyltrimethylammonium bromide or tetramethylammonium chloride. In a typical preparation, the alkylammonium salts were dissolved in a mixture of distilled water and ethanol (v/v 50:50). The amount of organic cations used for exchange threefold and sevenfold of montmorillonite's cation exchange capacity (CEC) for HDTMA + and TMA + , respectively. The suspension of montmorillonite and organic solution was stirred for 16 hours at ~60°C. The excess of the alkylammonium salts was removed by repetitive washing with a mixture of ethanol and distilled water until an AgNO 3 test indicated the absence of halide anions. The samples were dried at 60°C, ground to pass a 0.2 mm sieve and stored in glass bottles. These organoclays are referred to as HS -HS300, TS -TS300, HC -HC300, TC -TC300 later in this paper where in H = HDTMA + , and T = TMA + interlayer cations; S = SAz-1 and C = Cressfield while the numbers correspond to the temperature at which the RCM was prepared (120-300°C).
Methods
Cation exchange capacity of Li-RCMs was determined by the BaCl 2 method. The Li-montmorillonites were repeatedly saturated with a 0.1 mol dm -3 BaCl 2 solution at pH 7. The extracts obtained from the sample containing the exchangeable cations were combined and analyzed by atomic absorption spectroscopy (AAS) for Li, Ca and Na.
The effect of layer charge and exchangeable cations on sorption of biphenyl on montmorillonites
The CHN analysis to determine the amount of alkylammonium cations exchanged onto montmorillonites was performed using elemental analyzer EA 1108 from FISONS instruments. Two parallel measurements of each sample were performed. In most cases, the values obtained did not differ by more than 0.3%. If the difference was greater then a third measurement was performed. CHN data of all samples listed in Table 1 were average values of the two or three measurements on the samples.
XRD patterns of Li-montmorillonites and organoclays were obtained on specimens oriented by sedimentation of the clay suspension onto a glass slide. Samples were analyzed using a Philips PW 1050 diffractometer with CuKα radiation. XRD patterns were recorded between 2-30° of 2θ with step size 0.025° and exposure time of 3 s per step.
Nitrogen adsorption isotherms were recorded using a Micrometrics ASAP 2010 apparatus. The samples were degassed at 100°C prior to the measurement. Specific surface area calculation was based on BET formalism.
Thermogravimetric analyses of the organomontmorillonites were performed on a TA instrument -2690 SDT thermoanalyzer in an atmosphere of nitrogen (90 cm 3 min -1 ) at a heating rate of 10°C min -1 in a temperature range of 25-800°C.
The ability of various forms of montmorillonites to adsorb biphenyl from its water solution of 10 mg L -1 was studied. Due to very low solubility of biphenyl in water, biphenyl was first dissolved in ethanol, than distilled water was added. Overall amount of ethanol used was 20 mL per 1 L of water. 5 mg of montmorillonite was placed into a glass bottle, and then various volumes of biphenyl solution were added to the samples and shaken for 24 hours. The amount of biphenyl remaining in solution was determined by UV-VIS spectroscopy at 248 nm using a Varian Cary 100 spectrophotometer. (Table 2) . Heating in the 120-300°C range was used to modify the layer charge on the Li-saturated samples. As can be seen in Table 1 , layer charge reduction affects both the CECs and basal spacing values, d(001), of RCMs. A gradual decline of CEC for both Li-montmorillonites is seen as the temperature at which samples are prepared is increased however; more pronounced changes are observed in the LiS series. Significant decrease of CEC occurred for LiS120 (from 1.20 to 0.94 mmol g -1 ), while the CEC value for LiC120 remained almost the same as for the unheated LiC (0.98 and 0.96 mmol g -1 ). Though the CECs of both montmorillonites heated at 300°C for LiC300, they represent 24% and 37% of the CEC measured for the unheated samples, respectively. These results show that lower octahedral charge and negative charge on the tetrahedral sheets in LiC causes a lower extent of Li + fixation in RCMs prepared from LiC. Gradual release of water molecules from the interlayers of Li-montmorillonites upon heating decreases the distance between the neighbouring layers, as is confirmed by the data in Table 1 content, causing more pronounced expansion in the HS interlayers. As compared to HS and HC, the d(001) value of HS120 dropped to 1.83 nm whereas the basal spacing of HC120 did not change significantly (Fig. 1) as the content of HDTMA + in HC120 was comparable to that of HC (Table 1 ). Pronounced decrease of basal spacing to 1.39 nm found for HS150 and HC150 revealed monolayer configuration of HDTMA + cations in both samples. As indicated in the d(001) values, monolayer arrangement persisted also in HS180, HC180 and HC300 although the CHN analysis of these organoclays showed a continual decrease in the amount of organic cations ( Table 1 ). The XRD patterns of HS300 and HC300 show broad diffractions near 1.30 nm and 1.37 nm, respectively. Although d(001) of LiS300 and LiC300 indicate mostly nonswelling interlayers (~0.97 nm), the HDTMA + cations were able to penetrate into some interlayers, to re-open them and to form monolayers. However, different d(001) values of HS300 (1.30 nm) and HC300 (1.37 nm) indicate that due to the higher CEC in LiC300 the interlayers were more re-expanded in HC300. 
Results and discussion
Characterization of Li-montmorillonites and Li-RCMs
The CHN analysis of TMA-samples shows that the amount of TMA + cations gradually decreases with decreasing CEC of Li-RCMs used for their preparation (Table 1 ). Higher amount of TMA + in TS and TS120 than in TC and TC120 is in accord with their different CEC values. Due to the lower layer charge reduction in TC180 and TC300 as compared to TS180 and TS300 higher amount of TMA + was present in TMA-Cressfield samples heated above 150°C.
The presence of the TMA + cations influences the basal spacing of the organoclays (Fig. 2) Table 1 prove that layer charge controls the distribution and arrangement of intercalated organic cations in montmorillonites. Despite the formation of a collapsed phase with non-swelling interlayer spaces in Li-RCMs that were prepared at higher temperatures, some HDTMA + and TMA + cations were able to penetrate into smectite interlayers and partially re-expand them. Though the electrostatic forces in RCMs are rather weak to attract R 4 N + cations, van der Waals attraction forces are strong enough to evoke interaction of siloxane surface with alkyl chain of alkylammonium cation to re-expand the interlayers. Fig. 3 presents TG curves of HDTMA-exchanged SAz-1 and Cressfield montmorillonites. The initial mass loss at 20-150°C is attributed to the removal of water adsorbed on the samples. The second mass loss occurring in a rather broad temperature range of 150-500ºC belongs to the decomposition of organic cations, both of intercalated and those present on the external surfaces [34] . Such a step is not observed on the TG curves of the Li-saturated samples treated at 60-300°C but without organic substances (not shown). The third mass loss at above 500°C is due to dehydroxylation of the clay mineral layers. As expected, the biggest mass loss appears on the traces of HS and HC samples. The amount of alkylammonium cations decreases with increasing layer charge reduction as is reflected in the lowering of mass losses in the temperature range of 150-500°C.
The trends obtained from the thermal analysis results are in accord with those obtained from the CHN analyses (Table 1 ). The initialization of the second step on the TG curves is observed at higher temperatures when the amount of HDTMA + cations decreases. Two peaks are observed on the DTG curves (not shown) of samples HS, HC, HS120 and HC120 with the minima near 300 and 410°C. However, for samples with higher extent of layer charge reduction only one peak near 410°C was observed. This is probably associated with the presence of differently bonded HDTMA + cations in the samples of higher layer charge and the arrangement of organic cations is reflected also in the basal spacing (Table 1) . Pseudotrimolecular and bimolecular arrangement of organic cations is observed for samples of higher charge (HS, HC, HS120, HC120) where both electrostatic and van der Waals interactions must be considered. For such arrangements a part of the organic cations is only weakly bonded either to the smectite surface or to the neighbouring organic cations [35] . These cations are released upon heating at lower temperatures. In case of the monolayer arrangement of HDTMA in HS150, HC150, the alkyl chains lie flat on the siloxane surface and strong electrostatic forces dominate. Such interactions stabilize HDTMA + cations and thus they are removed at higher temperatures.
Further differences in thermal behaviour of two montmorillonites are detected with increasing layer charge reduction. While for HDTMA-SAz series the decrease in mass loss in the 150-500ºC range, and thus in the content of organic cations is observed also for the sample HS120 (Fig. 3A) , this is not so for the HDTMA-Cressfield series. The thermal analysis trace of HC120 is comparable to that of HC (Fig. 3B) . These results are consistent with the CEC data. CEC of LiS120 is only 78% of that for LiS, while no such decrease is observed for LiC120 in comparison with LiC (Table 1) . TMA-exchanged samples behave in a similar manner; however less pronounced changes in mass loss are observed on the TG curves due to lower amount of TMA + cations present (not shown). The BET surface areas (SAs) of Li-montmorillonites and their organo-exchanged forms are shown in Fig. 4 . Similar shapes of the dependences for the same forms appear for both montmorillonites. The SAs for the initial samples LiS and LiC of 78 and 69 m 2 g -1 , respectively, are typical values for montmorillonites. The BET values reflect the external SAs of clay particles. They are dependent on stacking of clay layers, on the size of clay particles and also on the type of exchangeable cations [36] [37] [38] . After a slight drop of SA for LiS120, an increase to 113 m 2 g -1 for LiS150 and 121 m 2 g -1 for LiS180 is observed (Fig. 4A) . SA of LiS300 is 84 m 2 g -1 , similar to that of LiS. In contrast to LiS150, SA for LiC150 is as low as 52 m 2 g -1 (Fig. 4B ). An increased SA value, as observed for LiS150 in the LiS series, appears for the sample prepared at the next higher temperature of 180ºC in the LiC series. Similarly compared to LiS180, the LiC180 sample has the highest surface area of 82 m 2 g -1 within this series. Variation of SA with layer charge has been described by Michot and Villiéras [37] ; lower surface areas were displayed by saponite samples possessing lower layer charge. Another explanation for this feature could be that during heating smaller tactoids with higher external surface are formed [38] .
Very low surface areas are observed for all the HDTMA-samples (Fig. 4) . These could be caused by the nature of the large HDTMA + cations, possibly covering montmorillonite particles and thus decreasing adsorption of nitrogen molecules. Slightly higher SAs appear for samples HS150-HS300 and HC150-HC300 although the SAs remained very low in comparison to those of LiS and LiC series. This increase can be attributed to decreased amount of HDTMA + cations in samples with reduced layer charge and thus leaving a part of clay particles for the adsorption of nitrogen molecules [39] .
As can be seen from Fig. 4 , TMA-samples display significantly higher surface areas than Li-or HDTMAexchanged samples. Small TMA + cations form pillarlike structure [13, 14] , exposing the siloxane surface for nitrogen adsorption and thus increasing the SAs. Surface areas of 246 and 250 m 2 g -1 , respectively, were obtained for TS and TC samples. In the SAz-1 series, the highest SA of 288 m 2 g -1 was obtained for the sample prepared at 150°C. Though the amount of TMA + cations decreases as the charge reduction progresses, this does not necessarily mean that less siloxane surface is available for nitrogen adsorption. A probable The effect of layer charge and exchangeable cations on sorption of biphenyl on montmorillonites explanation would be formation of more space between the TMA + pillars. Decrease in SA for samples TS180 and TS300 could be ascribed to decreasing amount of TMA + pillars and consequent collapse of the interlayers upon heating, an observation that can also be explained on the basis of the XRD patterns of these samples (Fig. 2) . Similarly, after the initial increase in SA for TC120 to 253 m 2 g -1 , a drop to 192 m 2 g -1 for TC180 is observed. However, SA increases for TC300 to a surprisingly high value of 261 m 2 g -1 in comparison to TS300. In spite of rather low layer charge in TC300 enough TMA + cations can be present in this sample to keep the interlayer spaces open (Fig. 2) and siloxane surface available for adsorption of N 2 molecule. According to the CHN analysis (Table 1) , the amount of TMA + was twice as high in TC300 as in TS300.
Adsorption of biphenyl
The hydrophobic character of the tetraalkylammonium cations supports application of these materials for selective adsorption of non-polar organic pollutants. The type of alkylammonium cation, however, considerably affects the ability of montmorillonites to adsorb aromatic compounds such as biphenyl. Fig. 5 shows adsorption isotherms of four organoclays prepared from SAz-1 montmorillonite. HDTMA-and TMA-forms of SAz-1 with non-reduced layer charge (HS, TS) along with samples that had layer charge reduced upon heating at 300°C (HS300, TS300) were chosen and were analyzed for both, the influence of the size of organic cation and montmorillonite layer charge reduction on adsorption behavior of organoclays. The ability of HS to adsorb biphenyl was significantly higher compared to TS sample (Fig. 5 ) which had the lowest sorption ability amongst all samples studied. The shape of isotherms obtained for HS and TS resembles those obtained in previous studies, wherein organic cations with long alkyl chains mostly showed a linear isotherm while those with smaller cations showed an isotherm that was more nonlinear. Differences in isotherm shapes could be related to different mechanisms governing the adsorption of biphenyl on organoclays. Partition process dominated for organoclays with long alkyl chains as in HDTMA + while adsorptive mechanism prevails in organoclays with small organic cations such as in TMA + [15] . Reduction of layer charge of SAz-1 significantly affects the adsorption isotherms of organoclays. The adsorption of biphenyl on HS300 substantially decreased in comparison to HS and there was distinct change in the shape of isotherm from linear to non-linear between those two samples. In contrast to HDTMA-samples, the adsorption on TS300 was much higher than on TS and slight non-linearity observed for isotherm of TS became more pronounced for TS300 (Fig. 5) . To investigate in more details the effects of layer charge reduction on adsorption ability 25 mL of biphenyl solution per 5 mg of clay were used. Fig. 6 shows the dependence of the amount of biphenyl adsorbed on the HDTMA + and TMA + content. The extent of adsorption of the aromatic compound gradually decreases with diminishing amount of HDTMA + cations. Comparison of the biphenyl uptake on HDTMA-SAz-1 and HDTMA-Cressfield series shows that behaviour of these two montmorillonites differs for higher-charge (HS, HS120, HC, HC120) and lower-charge (HS150, HS180, HS300 and HC150, HC180, HC300) samples. The largest amount of biphenyl adsorbed on HS (43 mg g -1 ) is equivalent to the highest HDTMA + content, corresponding to the highest CEC amongst all montmorillonites studied. Similar CECs of the LiS120 and LiC, used for HS120 and HC preparation, resulted in comparable HDTMA + content (Table 1) . Therefore, similar amount of biphenyl (~40 mg g -1 ) is adsorbed on both montmorillonites. Slight decrease of the biphenyl adsorption detected for HC120 is in accord with lower amount of HDTMA + cations in this sample than in HS120 (Table 1) . Though the CECs of the LiS120 and LiC120 samples used for their preparation are very alike, smaller amount of HDTMA + present in HC120 after ion exchange reaction results in lower adsorption of biphenyl. These findings show that predominantly the amount of HDTMA + controls the adsorption of biphenyl in high charge smectites.
A pronounced decrease in the sorption capacity observed for HDTMA + montmorillonites prepared from low-charge samples correlates with reduced amount of HDTMA + cations (Fig. 6a) . Biphenyl adsorption gradually declines in both series; however; a comparison of the HS150-HS300 vs. HC150-HC300 shows a less obvious correlation of biphenyl adsorption with HDTMA + content. The HDTMA + content is almost the same for organoclays prepared at the same temperatures. As shown in Table 1 , even though the decrease of the CEC values for LiS150 -LiS300 is more obvious than in equivalent Cressfield samples, the HDTMA + content is almost the same for samples prepared at the same temperatures. Nevertheless lower biphenyl adsorption was found for Cressfield montmorillonites (e.g. 26 mg g -1 for HC150 vs. 31 mg g -1 for HS150). Fig. 6a shows nearly constant difference between biphenyl adsorption on low-charge HS and HC. To explain these results, in addition to HDTMA + content, other parameters such as basal spacing and layer charge of the montmorillonites should be considered (Table 1) . Similar d(001) values of HDTMA-forms prepared from SAz-1 and Cressfield montmorillonites heated at or above 150°C do not suggest that basal spacing is the parameter responsible for the observed discrepancies. The CEC values in Table 1 indicate that the layer charge of HDTMA-samples prepared from SAz-1 montmorillonite The effect of layer charge and exchangeable cations on sorption of biphenyl on montmorillonites heated at or above 150°C was always lower than that in corresponding HDTMA-Cressfield materials. Lower charge on siloxane surfaces of HS150-HS300 facilitates the adsorption of the non-polar biphenyl. In contrast, residual layer charge on basal surfaces of low charge HC-samples, resulting mainly from tetrahedral charge, negatively influenced the adsorption of the non-polar aromatic compound. Sorption of biphenyl on TMA-montmorillonites follows different mechanism as compared to the HDTMAsamples. Isolated TMA + cations do not form continuous organic phase in the clay mineral interlayers. Thus siloxane surface area is partly free to adsorb aromatic compounds. Fig. 6b shows the amount of biphenyl adsorbed on TMA-montmorillonites.
Adsorption behaviour of TMA-samples differs for high-charge (i.e. TS, TS120, TC, TC120) and low-charge (TS150, TS180, TS300 and TC150, TC180, TC300) samples. The lowest adsorption capacity of 5 mg of biphenyl per gram was observed for TS. High CEC of LiS, the parent montmorillonite for TS preparation, results in high amount of TMA + cations (Table 1) , therefore the space available for adsorption of aromatic compounds is very limited. Higher adsorption of biphenyl found for TC (25 mg g -1 ) is connected with less TMA + compensating the layer charge of Cressfield montmorillonite. Charge reduction in the samples heated at 120°C decreased the TMA + content thus increasing the empty space between the alkylammonium cations and resulting in the higher biphenyl adsorption for TS120 and TC120 (17 and 30 mg g -1 , respectively). The adsorption of biphenyl on high-charge montmorillonites is directly controlled by the accessibility of the siloxane surface covered with small TMA + cations. While the high-charge TMA-samples show gradual increase in adsorption of aromatic compounds with decreasing CEC and TMA + content; this behaviour was less straightforward for low-charge samples. A marked increase of biphenyl uptake occurred for TS150 and TS180. The adsorption of aromatic compounds increased at first and finally reached a steady state, except in case for TS300, where a slight drop in the amount of biphenyl was observed. For TMA-forms of Cressfield montmorillonite, the biphenyl adsorption reached the maximum for TC180. Only a small decrease in biphenyl uptake was observed for TC300.
These results show that on low-charge TMAmontmorillonites the uptake of aromatic compounds was nearly the same regardless of decreasing layer charge and TMA + content, i.e. increasing size of mineral surface area available for adsorption. This is rather inconsistent with generally accepted opinion of an inverse dependence of sorption on layer charge and TMA + content [23, 24] . The data obtained for TMA-samples prepared from RCMs indicate two opposite effects for adsorption of aromatic compounds. Positive influence of decreasing TMA + content is negatively compensated by increasing amount of collapsed interlayers in low-charge TMA-montmorillonites, resulting in less re-opened interlayers accessible for biphenyl.
Adsorption of non-polar aromatic compounds on RCMs containing inorganic exchangeable cations was studied less frequently [30] . The sorption efficiency of alkylammonium derivatives is compared with that of Li-montmorillonites and Li-RCMs (Fig. 7) . A strong influence of the exchangeable cations on biphenyl sorption is observed. Unheated Li-montmorillonites (Fig. 7a) are ineffective adsorbents for biphenyl from their aqueous solutions due to very high hydration of Li + cations, which imparts a hydrophilic nature to the clay surfaces. The most effective adsorbents are HS and HC and these were capable of removing 74% and 65%, respectively, of biphenyl from solution. The sorption properties of these organophilic clays are governed by the amount of alkylammonium cations loaded on the smectite. Different sorption mechanism characteristic for TMA-montmorillonites, i.e., "adsorptive" clays, is responsible for significantly lower adsorption of biphenyl on TS and TC. As a result of their high layer charge, the siloxane surface was covered with many TMA + cations hindering the adsorption of biphenyl.
Heating of Li-forms at 150°C reduced their layer charge while the hydrophobicity of their siloxane surface increased (Fig. 7b) . Consequently, their sorption ability was improved in comparison with the unheated Li-forms. The efficiency of LiS150 and LiC150 for biphenyl removal was 22 and 25%, respectively. The HS150 and HC150 contained less HDTMA + cations than HS and HC and thus the adsorption of biphenyl decreased to 50% (HS150) and 41% (HC150). In the contrast, the efficiency of TMA-forms increased. TS150 removed 80% and TC150 81% of biphenyl from their aqueous solutions.
No pronounced differences in sorption ability of LiS300 and LiC300 as compared to LiS150 and LiC150 are distinguished (Fig. 7c) . Though the size of the neutral siloxane surface increased due to the layer charge reduction, the amount of non-swelling interlayers increased as well ( Table 1) . Combination of both these effects led only to a minor improvement in biphenyl adsorption on LiS300 and LiC300. The collapsed interlayers also influenced the sorption efficiency of organoclays prepared from LiS300 and LiC300. The biphenyl adsorption slightly dropped to 42% and 30% for HS300 and HC300, respectively. The most effective adsorbents from this series were TS300 and TC300, which removed 66% and 85% of biphenyl from the aqueous solutions.
Conclusions
Layer charge affects the CEC and basal spacings of RCMs which in turn affects the amount and the arrangement of HDTMA + and TMA + cations in the interlayer spaces of smectites. High layer charge of unheated SAz-1 and Cressfield montmorillonites compensated by Li + or TMA + cations results in almost negligible ability of these samples to adsorb biphenyl. The number of hydrated Li + or TMA + cations is too large to leave enough interlayer space for the adsorption of aromatic molecules. High amount of alkylammonium cations in HDTMA-derivates prepared from LiS and LiC coupled with different adsorption mechanism cause that these samples are the second-best adsorbents of all the studied montmorillonites. The reduction of the layer charge leads to the enlargement of the free internal surface area and thus the adsorption efficiency of Li-RCMs slightly increases. Even more pronounced increase in biphenyl adsorption is observed for TMA-samples prepared from RCMs. The TMA-montmorillonites of moderate charges (i.e. TS150 and TC150) exhibit the best adsorption properties of all samples studied. Though the adsorption efficiency of HDTMA-derivatives prepared from RCMs is lower due to lower amount of HDTMA + , they are suitable adsorbents for biphenyl. Both the layer charge of parent montmorillonite and the size of alkylammonium cations significantly affect the sorption ability of the organoclays.
